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X-ray examination apparatus having 



i double focusing crystal. 



€h A double focusing monochromator crystal for an X-ray 
analysis apparatus is formed from a single crystal of silicon 
or germanium poor in dislocations, in which at a surface 
coinciding with one of the crystal surfaces of the crystal a 
cavity is provided. With the accurately finished opposite sur- 
face the crystal is preferably secured In a cavity of the j.g by 
means of a glue compound or with the Interposition of a meta 
layer by soldering. More particularly, the cavities are spherical 
and the ultimate radius of curvature of the crystal is distributed 
T- uniformly over the cavity in the crystal and the cavity in the Jig. 
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X-ray examination apparatus having a double focusing 
crystal. 



The invention relates to a double focusing X-ray 
analysis crystal for monochromatization and focusing of 
X-ray radiation in an X-ray examination apparatus and to an 
X-ray analysis apparatus provided with such a crystal. 

Such an X-ray analysis crystal is known from 
British Patent Specification 1 , 089,71 W An analysis crystal 
described therein is curved in two directions with 
different radii of curvature in order to obtain a double 
focusing. The process of bending a crystal into such a form 
is fairly difficult and in this process the crystal is 
liable to break or the curvature nevertheless deviates 
from the envisaged optimum curvature due to a later 
deformation. In fact, the crystal is constantly in a 
forced condition, as a result of which deformations are 
liable to occur during operation, for example, due to 
temperature variations or ageing phenomena. Further, it is 
of importance that the back surface of the crystal is not 
disturbed because irregularities therein may adversely 
affect the operation of the crystal as a monochromator . 
J The invention has for its object to obviate these 

disadvantages and therefore an X-ray analysis crystal of 
the kind mentioned in the opening paragraph is characte- 
rized in that the crystal is a single crystal which is 
excavated on one side and is arranged with an accurately 
5 finished opposite surface in an accurately finished cavity 
of a jig. . 

It has been found that the use of a single 
crystal, which has a very stringent Bragg condition and a 
high . reflection with a spherical deformation of the 
50 active crystal surface for focusing, yields a non- 

def ormable very effective crystal which can be manufac- 
tured in a comparatively simple manner. 

In a preferred embodiment, the cavities are 
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spherical. The occurrence of irregularities at the back 
surface can he permanently avoided if, before the crystal 
is arranged in the jig, surface irregularities are removed 
from this surface, for example, by mechanical processing 

5 and/or etching, which is due inter alia to the screening 
effect of the jig. 

In a preferred embodiment, the crystal is arranged 
by means of a glue compound in a jig comprising a material 
porous to the glue. More particularly, the jig has a 

M radius of curvature 2R and the active crystal surface 

has a radius of curvature R. It is possible to provide a 
planar crystal in the jig and then to jgrind the active 
surface to the desired curvature, whilst it is also 
possible to first provide the crystal with a curvature, 

• 3 which, after the crystal has been mounted in the jig, 

together with the curvature of the jig leads to the desired 
curvature. Further, the crystal can be coated on the non- 
active flat side with a layer of metal, which may be 
applied, for example, by vapour deposition, sputtering or 

20 spinning in a layer having a very homogeneous thickness. 
With this layer as a joining intermediate layer, the 
crystal may then be secured again in the jig, for example, 
by soldering or diffusion, which jig then need not be 
porous. Alternatively, the metal layer may be applied in 

25 the form of a metal foil; this is particularly favourable 
with the use of a crystal material which in itself is 
brittle or of low strength. With a metal foil of, for 
example, phosphor bronze, a very flexible element of high 
strength can nevertheless be obtained. The back side of 

30 the crystal may also be formed so that the crystal ultimate- 
ly has an at least substantially uniform thickness. The 
surface of the back side of the crystal should be very 
flat because irregularities therein can adversely affect 
the operation of the crystal. 

In a further embodiment, the crystal consists 
of a single crystal of silicon or germanium poor in dis- 
locations, which, when mounted in the jig, is only 
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elasticallv deformed. The single crystal is then, for 
example, a slice cut along a (izk) crystal surface. After 
the spherical deformation, a centre of curvature of the 
(124) crystal surfaces lies on a Rowland sphere on which 
with a close approbation will be located also the centres 
' of curvatures of the other crystal surfaces,, such as, with 
decreasing crystal surface distances, the (111), (022) and 
(113). surfaces. As a result, with a single crystal in a 
spectrometer the presence in a specimen to be analysed of 
elements having an atomic number between 15 and hO can' be 
10 demonstrated by means of, for example , *06 radiation, 

whilst by means of L oc radiation the presence of elements 
having a higher atomic number therein can be demonstrated. 
In a preferred embodiment according to the 
„ invention, the crystal acts as a monochromator in an X-ray 
analysis apparatus, whereby now for a complete analysis 
a fixed position of the specimen and two positions of the 
analysis crystal and a single scanning along the arc of a 
circle of the detector will be sufficient. In this case, 
20 the resolution and the signal-to-noise ratio can also be 
materially improved. 

The crystal according to the invention can further 
be used successfully in, for example, a dif f ract omet.er 
in which, for example, use is made of a converging Cu-K * 1 
25 radiation beam, and in apparatus for stress examination 
or texture measurements. 

A few preferred embodiments according to the 
- invention will now be described more fully with reference . 
to the drawing. In the drawing: 

Figure 1 shows a crystal according to the 
30 invention as a part of a sphere on which the location of 
centres of curvature for distinct crystal surfaces is 
indicated, 

Figure 2 shows a crystal according to the inven- 
35 tion at different stages of manufacture, 

Figures 3a and 3b show examples of the radiation 
path in an X-ray analysis apparatus provided with a silicon 
single crystal according to the invention, 
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Figure 4 shows an outline of a powder diffraction 
apparatus provided with such a crystal, and 

Figure 5 shows an outline of an apparatus for 
stress examination in materials provided with such a 
5 crys tal . 

Figure 1 shows a silicon single crystal 1 of which 
an active surface 3 forms part of a sphere 5 on which 
centres of curvature 7 of distinct crystal surfaces are 
located. In the Figure, the centres of curvature for 
SO crystal surfaces (124), (l 13 ), (022) and (ill) for a crystal 
formed from a slice of material parallel to the (124) 
crystal surfaces thereof are indicated as such in this 
configuration, the exact centre of curvature for the crystal 
surfaces (124) is located on the surface of the sphere and 
■i for other groups of crystal surfaces approximate centres • 
of curvature are located on the surface of the sphere. The 
sphere 5, also designated as Rowland sphere, is determined 
by the position and the radius of curvature of the crystal 
and the (124) centre of curvature. Inter alia the centres of 
curvature mentioned below are located at least substantially 
on the surface of the sphere in such a manner that the 
centres of curvature for the crystal surfaces (113) 
and (022) are located with the centre of curvature for 
the crystal surface (124) on the circle circumference of 
25 the circle 9 passing through the centre 11 of the sphere 
5, while the centre of curvature for the crystal surface 
(111) is located with the centre of curvature (124) on a 
circle circumference of a circle 13 orientated at right 
angles thereto and passing through the centre 1 1 . 
;! Such a crystal is formed by means of a method to 

be described in Figure 2, in which the starting material is 
a slice 15 of monocrystalline silicon poor in dislocations 
shown in Figure 2a. Parallel surfaces 17 and 19 of the 
crystal extend (in this case) parallel to the (l24) crystal 
25 surfaces, while in the crystal the crystal surfaces (022) 
and (113) are indicated diagrammat ically . At the surface 
17, the crystal is then excavated, for example, by grin- 
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ding, until a spherical surface 21 having a radius of 
curvature 2R and shown in Figure 2B is obtained. 

A jig 23 shown in Figure 2C and formed in thxs 
case from a porous material is correspondingly excavated 
on one side until a spherical surface 25 is obtained 
which, for example, also has a radius of curvature 2R. 
Vith the interposition of a glue foil 2 7 , the ground 
crystal 15 is theh pressed into the jig. For this purpose, 
use is made here of a diaphragm 2 9 which is pressed by 
means of gas or liquid pressure against the crystal 
surface 21 in such a manner that it is loaded at least 
substantially homogeneously. In this process, it is 
recommendable for obtaining a good adherence to heat the 
assembly to, for example, 180°C and to eliminate the 
pressure only after cooling. The temperature can be 
adapted to the glue and the excess quantity of glue is. 
absorbed by the porous jig. A combination 30 of crystal 
and jig thus formed and shorn in Figure 2D constitutes a 
robust element to be readily manipulated for X-ray 
analysis apparatus suiting the purpose. The active surface 
21 of the crystal has by a combination of treatments a 
radius of curvature R which corresponds to that of the 
sphere 5 i» Figure 1 . 

It will be appreciated that other methods of 
forming the combination 30 may also be used. However, it 
is required to mount the crystal with adherence at least 
along its whole circumference and preferably throughout 
the whole non-active surface 19- As a result, the 
possibility of later deformation is strongly reduced. As 
3 already indicated, the crystal may alternatively be moun- 
ted in the jig by soldering with the interposition of a 
metal layer, whereby irregularities in the layer thickness 
of the soldering material have to be avoided. 

Figure 3 shows the radiation path in an X-ray 
35 apparatus for analysing a specimen 31 by .means- of a 

silicon single crystal 15 thus formed. Figure 3 a shows the 
circle 9 of Figure 1 with the centres of curvature (022), 
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and (113), while Figure 3b shows the circle 13 of 
Figure 1 vith the centres of curvatures (124) and ( 111 ) . 
Viewed from the apparatus, the difference between Figure 
3a and Figure 3b is "a rotation of the crystal 15 through 

5 90° about an axis passing through the centre of curvature 
(124). In dependence upon the wavelength, of X-ray 
radiation produced in the specimen a conical beam trapped 
by the crystal is focused by the crystal in a line on the 
circle circumference. The cone is determined by the solid 

'•3 angle viewed from the point of intersection of a Bragg 

condition applying to the relevant crystal surface and the 
circumference of the crystal. Thus, for example, in Figure 
3a, for the element zinc a cone 33 is trapped by the 
crystal, of which radiation of the wavelength .applying to 
the relevant crystal surfaces, in this case the ( 1 1 3 ) 
surfaces, is focused as a conical beam 34 in a line 35 
located on the circle 9. By means of a detector to be 
arranged there, the intensity and hence the zinc content 
in the specimen can be measured. Likewise, radiation of a 

20 wavelength characteristic of titanium from a cone 37 is 
concentrated by (022) crystal surfaces in the crystal 
via a. conical beam 38 to a line 39 on the circle. In 
Figure 3b, there is indicated by way of example how after 
rotation of the crystal the radiation characteristic of 

25 the element phosphorus from the cone 4l is concentrated by 
(ill) crystal surfaces in a conical beam 42 to a line 43 
along the circumference of the circle 13. Thus, all the 
elements having an atomic number larger than about 15 
can be analysed with one of the two positions of the 

30 crystal. Use is then made of diffraction at the (113), (022) 
and (ill) crystal surfaces of the crystal. For the 
elements having a comparatively low atomic number, use is 
then made, for example, of K OC 1 radiation, whilst for 
the elements having a high atomic number L s6 1 radiation 

35 is used. Thus, the focus lines for, for example, Ca(20) to 
Co(2?) of K cc 1 radiation diffracted at the (022) crystal 
surfaces are located on either side of the point 39, which 
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also applies to the focus lines for, for example, Sn(5l) 
to Tm(69) of LSO 1 radiation also diffracted at the (022) 
crystal surfaces of the crystal. 

On either side of the focus point 35, there can 
be correspondingly measured for Ni(28) to Zr (ko) with 
KCC 1 radiation at the ( 113) crystal surfacesand for 
Yb(70) to U(92) with L(jfi 1 radiation at the (113) crystal 
surfaces. The arrangement is then chosen so that no overlap 
of the focus lines occurs. If nevertheless such an overlap 
should occur, there can be discriminated between elements 
by, for example, a second measurement with another wave- 
length for the X-ray radiation, for example, TS.fi for one 
of the elements. 

A powder dif f ract omet er according to the 
• invention, for- Which Figure k outlines the radiation path, 
shows a radiation source 51, for example, the target of an 
anode in an X-ray tube, a spherically curved single crystal 
53, a specimen 55 In transmission position and a specimen 
57 in reflection posiiion. The source 5 1 and the crystal 53 
3 are located on a Rowland sphere 60, on which a focus 62 

of an X-ray beam 6h focused by the crystal is also located. 
The X-ray radiation is, for example, copper K 06 1 radiation. 
In an arrangement of the kind shown here, radiation 
diffracted at distinct crystal surfaces of the specimen 55 
5 is focused by transmission in distinct focus lines 6l and 
63 on the circumference of a focus sphere 66. For reflec- 
tion, radiation diffracted at distinct crystal surfaces 
of the specimen is focused in focus lines 6 5 and 6? on the 
circumference of a focus sphere 68. with detectors 6 9 moving 
30 along these spheres or with position-sensitive detectors 
mounted along these spheres, the local intensity may now 
again be measured simultaneously for transmission and 
reflection. With a movement mechanism described in the 
co-pending Patent Application ( PHN 10 5 6 7 ) filed by 

35 the applicant, the specimen can be displaced within the 
beam path through a distance equal to twice the diameter 
of the sphere 66 in a correct angular relationship. 
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An X-ray analysis apparatus designed Tor 
measuring macro-stresses in, for example, work pieces 
provided with a crystal according to the invention, 
comprises, as shown in Figure 5, an X-ray source 70, a 

spherical analysis crystal 72, a specimen 74 with, for 
example, crystal surfaces 76 and a, for example, 
position-sensitive detector 78 by which the radiation 
intensity can be measured as a function of the deflection 
angle. The source 70, the crystal 72 and the beam focus 
80 of an X-ray beam 82 are located on a Rowland sphere 84. 
Similarly, the beam focus 80, an irradiated specimen 
surface 86 and a focus line 88 of a diffracted beam 92 are 

located on a Rowland sphere 96. The focus line 88 applying 
to, for example, a specimen or a direction in a specimen 
in which no macro— stresses are present, shifts to a focus 
line 90 for a specimen or a direction in a specimen in 
which macro-stresses are present. The arc distance between 
the focus line 88 and the focus line 90 is a measure for 
the value of the macro-stresses in the specimen measured 
in a given crystal direction. This value can be measured 
by exchange of specimens, whereby, for example, in order 
to determine the position of the focus line 88, first a 
stress-free specimen is measured and then specimens with 
unknown macro-stresses are measured. Further, a specimen 
can be rotated before the measurement, whereby either by 
an additional measurement or by an iteration process the 
position of a focus line of a stress-free measurement can 
be determined with the measurement results. 
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1. A double focusing X-ray analysis crystal for 
mono-cliromatization and focusing of X-ray radiation in an 
X-ray analysis apparatus, characterized in that the crystal 
(15) is a single crystal which is excavated on one side 

5 (21) and is arranged with an opposite accurately finished 
surface (19) in an accurately finished cavity (25) of a 
3±S (23). 

2. A double focusing crystal as claimed in Claim 1, 
characterized, in that both the cavity in. the crystal and 

.10 that in" the jig are spherical. 

3. A double focusing crystal as claimed in Claim 1, 
characterized in that it is secured by means of a glue 
compound over at least substantially the whole relevant 
surface in a jig having glue-absorbing properties. 

15 4. A double focusing X-ray analysis crystal as 

claimed in Claim 1 , characterized in that it is secured 
in the jig with the interposition of a metal layer provided 
on the crystal and having an accurately defined thickness. 

5. A double focusing crystal as claimed in Claim 2, 
20 3 or h, characterized in that the spherical cavity of the 

jig has a radius of curvature which is at least approxi- 
mately equal to twice the radius of curvature of an 
excavated crystal secured therein. 

6. A double focusing crystal as claimed in any one 
25 of the preceding Claims, characterized in that it is 

formed from a plane-parallel slice of silicon or germanium 
poor in dislocations, the parallel end faces of which 
coincide with (12*0 crystal surfaces. 

7. A double focusing crystal as claimed in any one 

30 of the preceding Claims, characterized in that the opposite 
surface of the crystal is formed in such a manner that the 
excavated crystal arranged in the jig has at least sub- 
stantially a homogeneous thickness. 
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8. An X-ray diffractometer , characterized in 
that it is provided with a mono chromator comprising a 
double focusing analysis crystal as claimed in any one 
of the preceding Claims. 

9. An X-ray spectrometer, characterized in that it 
is provided with a double focusing analysis crystal as 
claimed in any one of Claims 1 to 7. 

TO. An X-ray analysis apparatus for measuring 

macro-stresses in materials, characterized in that it is 
provided with a double focusing analysis crystal as claim- 
ed in any one of Claims 1 to 7. 
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